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ABSTRACT
We present the stellar mass profiles of 147 isolated quiescent galaxies in very low-density environ-
ments (i.e., void regions) in the local Universe (0.01 < z < 0.06) from the Sloan Digital Sky Survey.
These galaxies have stellar masses between 9.8 . log(M∗/M) . 11.2 and they represent ∼ 15% of
the whole galaxy population in the void regions down to Mr = −19. We do not find any isolated
quiescent galaxies with log(M∗/M) & 11.2. We compare the stellar mass profiles of these isolated
quiescent galaxies with the profiles of stellar mass-matched samples of the quiescent galaxies in group
and cluster environments. We find that, at fixed mass, quiescent galaxies in voids have similar central
(1 kpc) mass densities (Σ1) and central velocity dispersions (σ1) compared to their counterparts in
groups and clusters. We show that quiescent galaxies in voids have at most 10−25% smaller half-mass
(and half-light) sizes compared to quiescent galaxies in groups and clusters. We conclude that for the
intermediate stellar mass range of 1010 − 1011M in the local Universe, environmental mechanisms
have no significant additional effect on the mass profiles of the quiescent galaxies.
Keywords: galaxies: evolution – galaxies: structural – galaxies: star formation – galaxies: clusters –
galaxies: groups
1. INTRODUCTION
The mechanisms driving the stellar mass assem-
bly within galaxies is not well-understood. Although
the higher fraction of early-type morphologies in the
higher local densities compared to the low-density en-
vironments, known as the morphology-density relation
(Dressler 1980; Postman & Geller 1984), has already
been observed, it is not clear how much the environ-
ments contribute to the transformation of disk galax-
ies into the spheroids, at least for intermediate stellar
mass systems (see e.g., Carollo et al. 2016). The mix-
ture of different processes, such as disk instabilities,
minor/major mergers, formation/migration of giant
clumps of gas might contribute to these morphologi-
cal transformations (e.g., Kormendy & Kennicutt 2004;
Bell et al. 2006; Khochfar & Silk 2006; Genzel et al. 2008;
Elmegreen et al. 2008; Hilz et al. 2013; Bournaud 2016).
However, the fractional contribution of each mechanism
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and their dependence on galaxy stellar mass and envi-
ronment needs to be investigated. For instance, if the
frequency of (minor/major) mergers is higher in denser
environments, then it is expected that these processes
affect the stellar mass distributions within galaxies (e.g.,
in the outer parts of galaxies) in the high-density re-
gions compared to the low-density regions (Fakhouri &
Ma 2009; Lin et al. 2010; Shankar et al. 2013, 2014).
Scaling relations are promising tools for exploring the
contribution of different physical mechanisms to the for-
mation of galaxies structures, especially, if we compare
them for different environments. The relation between
the stellar mass and size of the galaxies (in particular
for quiescent/early-type galaxies) is one of the impor-
tant ones (Shen et al. 2003). As mentioned above, in
high-density regions, galaxies can experience more dis-
sipationless dry mergers or be affected by the galaxy
harassment or tidal stripping (Spindler & Wake 2017).
If the evolution of galaxies’ structures and hence sizes
accelerated by the mergers (as predicted from the hierar-
chical galaxy formation) or affected by aforementioned
effects in the high-density regions, then one should ex-
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pect the dependence of the mass-size relation on envi-
ronment. Many studies have already examined this for
both low and high redshift galaxies (e.g., Galletta et al.
2006; Maltby et al. 2010; Nair et al. 2010; Cooper et al.
2012; Lani et al. 2013; Ferna´ndez Lorenzo et al. 2013;
Huertas-Company et al. 2013b; Shankar et al. 2014; Ce-
bria´n & Trujillo 2014; Kelkar et al. 2015; Allen et al.
2015; Zhao et al. 2015; Lacerna et al. 2016; Yoon et al.
2017; Saracco et al. 2017). However, there is no consen-
sus among different studies, in particular at high red-
shifts. Some authors found no differences between the
size of galaxies at fixed stellar masses and some found
that quiescent/early-types are larger in the local over-
dense regions. This discrepancy is partially suggested
by some authors (e.g., Saracco et al. 2017) to be due to
the biases introduced in the sample selection methods
(hence the different mixture of the galaxies and differ-
ent stellar mass ranges) and/or the definition of envi-
ronment (Bassett et al. 2013).
As mentioned above, different criteria for defining en-
vironment can be one of the drivers of the discrep-
ancy among many studies. Various definition of the
high-density regions, such as using the projected nearest
neighbor surface density or the X-ray detected clusters
in comparison to the field or average galaxy populations
as the low-density environments, makes it hard for a true
comparison of the results among different studies (e.g.,
comparing these studies: Cooper et al. 2012; Lacerna
et al. 2016; Huertas-Company et al. 2013b). Thanks
to the redshift surveys such as the Sloan Digital Sky
Survey (SDSS), we can trace the distributions of the
galaxies over a large cosmological volume in the local
Universe. The distributions depict structures such as
cosmic filaments, walls, over-dense regions of the galax-
ies (groups/clusters) and large volumes in the space
which are empty of the galaxies and are known as voids
(Einasto et al. 1980; Kirshner et al. 1981). Despite their
emptiness, void environments hold a large total volume
of the Universe and hence suitable regions for finding
very isolated galaxies (Arago´n-Calvo et al. 2010; van de
Weygaert & Platen 2011; Tavasoli et al. 2013). Select-
ing galaxies from these vast environments compared to
the extremely high-density regions (i.e., void galaxies
compared to cluster galaxies), should magnify any vari-
ation between galaxy parameters at different environ-
ments; i.e., void galaxies are the best probe for distin-
guishing the environmental effects on the galaxies (e.g.,
Grogin & Geller 1999, 2000; Colbert et al. 2001; Deni-
colo´ et al. 2005b,a; Collobert et al. 2006; Tavasoli et al.
2015; Moorman et al. 2015; Fraser-McKelvie et al. 2016;
Beygu et al. 2017; Kuutma et al. 2017). In this work, for
the first time, we used a sample of isolated void galaxies
compared to the cluster galaxies, to study the effect of
the environment on the mass-size relation.
It is also important to emphasize that the existence of
color gradients (Franx et al. 1989; Peletier et al. 1990;
La Barbera et al. 2005) and hence mass to light ratio
(M∗/L) radial variations need also to be considered.
The buildup of the central densities (or bulges) and the
outer parts of the galaxies can be better assessed by
means of the stellar mass density profiles after correct-
ing for the age/metallicity degeneracy (Cheung et al.
2012). Therefore, studying the stellar mass profiles of
the galaxies is better suited for investigating the role
of environment on the mass assembly of the galaxies
compared to the light profiles (e.g., Fang et al. 2013;
Tacchella et al. 2015; Carollo et al. 2016; Chan et al.
2016; Mosleh et al. 2017; Barro et al. 2017). This study
benefits of using mass-weighted profiles of galaxies com-
pared to the previous works on the mass-size relation,
and hence reducing systematic errors due to any envi-
ronmental dependence on the color-gradients of galaxies.
On the other hand, the responsible mechanisms for the
cessation of the star-formation activity of galaxies and
transferring galaxies from the blue cloud into the red
sequence (i.e., “quenching”) is yet to be established. As
shown by Peng et al. (2010b), two distinct modes of the
quenching are in general acting, i.e., “mass” and “en-
vironment”, for classifying the quenching mechanisms,
especially for the central and satellite galaxies. By min-
imizing the effect of the environment, one can exam-
ine different mass quenching mechanisms such as the
halo quenching (Birnboim & Dekel 2003; Keresˇ et al.
2005; Dekel & Birnboim 2006), active galactic nucleus
(AGN) feedback or the existence of a supermassive black
hole (Di Matteo et al. 2005; Springel et al. 2005; Cro-
ton et al. 2006) and the total stellar masses. The cor-
relation between different properties of the galaxies is
helpful for evaluating different processes related to the
mass quenching (although the correlations do not im-
ply causal connection, see e.g., Lilly & Carollo 2016).
Among them, the properties related to the central re-
gions of galaxies are promising tools (Allen et al. 2006;
Driver et al. 2006; Schiminovich et al. 2007; Bell 2008;
Mendez et al. 2011; Lang et al. 2014). As shown recently
(Cheung et al. 2012; Fang et al. 2013; Whitaker et al.
2017; Barro et al. 2017; Mosleh et al. 2017; Tacchella
et al. 2017), the central mass density of galaxies has a
tight correlation with the color or the star-formation ac-
tivity of galaxies at low and high redshifts. The central
velocity dispersion is also shown to be a good predic-
tor of quenching (e.g., Wake et al. 2012). For quies-
cent galaxies, both of these properties are tightly corre-
lated with the total stellar mass of galaxies. Compar-
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ing these scaling relations for the quiescent galaxies in
different environments can help in assessing the mass
(halo) quenching mechanisms in details. Therefore iso-
lated quenched void galaxies are in particular interesting,
as these galaxies are expected to have suffered less from
environmental processes acting during quenching.
In this paper, by finding quiescent galaxies in the ex-
tremely low (isolated ones in the voids), intermediate
(groups) and high-density (clusters) environments, we
aim to compare the stellar mass distributions within
these galaxies (which is related to the morphological
transformation) and the scaling relations such as the cor-
relation between the central density/velocity-dispersion
with the total stellar of quiescent galaxies in different
environments.
The structure of this paper is as follows. In Section 2,
we describe how the samples are selected and in Section
3, the methodology for deriving light and stellar mass
profiles are described. The results are presented and
discussed in Section 4, and 5. We adopt the following
cosmological parameters for this work: Ωm = 0.3, ΩΛ =
0.7 and H0 = 70 km s
−1 Mpc−1.
2. DATA & SAMPLE
Our sample of the quiescent galaxies in the void re-
gions is extracted from a catalog of void galaxies by
Tavasoli et al. (2015) based on the Sloan Digital Sky
Survey Data Release 10 (SDSS DR10) (Ahn et al. 2014).
In this catalog, there are 1014 galaxies down to a limit-
ing magnitude of Mr = −19. and at the redshift range
of 0.010 ≤ z ≤ 0.055. The sample is also complete down
to 1010M. These galaxies reside in the 167 void regions
which are selected by applying a void finder algorithm
introduced by Aikio & Ma¨ho¨nen (1998) (see Colberg
et al. 2008, for a review on different void algorithms). As
described in Tavasoli et al. (2013), the final void finding
algorithm excludes spurious voids with radii ≤ 7 Mpc.
Hence, the void regions are extremely large empty vol-
umes in the local Universe and have large background
density contrasts. This ensures that galaxies in this sam-
ple reside in a totally different environments than galax-
ies in walls (including filaments, groups, and clusters) of
the cosmic web. We caveat that due to the structures
within the voids (Aragon-Calvo & Szalay 2013) and the
redshift space distortion effects, there is not a unique
definition for the voids.
The stellar masses and spectroscopic properties of the
galaxies are taken from the Max-Planck-Institute for
Astrophysics (MPA)-Johns Hopkins University (JHU)
SDSS DR7 catalog (Kauffmann et al. 2003; Brinchmann
et al. 2004; Salim et al. 2007) and the galaxy colors are
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Figure 1. Top Panel : The criteria used for separating
the quiescent galaxies from the star-forming ones based on
the u − r versus r − z color-color diagram (Holden et al.
2012). The gray symbols are all void galaxies, and the red
ones are the isolated quiescent void galaxies in this study.
The inset shows the stellar mass distributions of all void
galaxies (gray histogram) and the isolated quiescent sam-
ple (red histogram). Bottom Panel : The locations of iso-
lated quiescent galaxies in the g − r color-magnitude dia-
gram. The solid line criteria used in this figure is defined as
g − r > 0.68 − 0.032 × (Mr + 20) (see Mosleh et al. 2013).
The inset histogram depicts u− g distributions and the his-
tograms in the right bottom panel show the distributions of
the Se´rsic indices of the samples.
from the New York University Value-Added Galaxy Cat-
alog (NYU-VAGC; Blanton et al. 2005). For our 1014
void galaxies, 980 objects have measured stellar masses
in the MPA-JHU catalog. In order to separate quiescent
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from star-forming galaxies, we follow a similar u−r and
r−z color-color criteria defined by Holden et al. (2012):
(u− r)0 > 2.26 (1)
(u− r)0 > 0.76 + 2.5(r − z)0 (2)
This is similar to the UV J selection (i.e., U − V ver-
sus V − J rest-frame colors) used at high-z (Williams
et al. 2009), which separates unobscured and dusty star-
forming galaxies from quiescent ones (see Figure 1).
Based on these criteria, we select 174 out of the 980
void galaxies to be quiescent (∼ 18%). In order to un-
derstand better the influence of the environments on the
mass profile of the quiescent galaxies in the void regions,
we then focus on isolated quiescent galaxies in these
environments. Therefore, we cross-matched our void
galaxies with a catalog of groups provided in Tempel
et al. (2014) and removed any galaxies which have more
than one companion. This reduces the number of the
isolated quiescent galaxies to 147 in the void region (15%
of the void galaxies in our catalog). We find that this ad-
ditional selection does not have any significant effect on
the stellar-mass distribution. The top panel of Figure 1
shows the region where these 147 isolated quiescent void
galaxies are separated from the rest of the void galaxies.
The inset shows the distribution of the stellar masses
of the isolated quiescent void galaxies (red histogram)
compared to the general mass distribution of the void
galaxies. The isolated quiescent void galaxies have the
stellar masses between 9.8 . log(M∗/M) . 11.2 and
136 objects (92%) of this sample have the stellar masses
log(M∗/M) & 10.
The bottom left panel of Figure 1, shows the distri-
bution of these galaxies in the g − r color versus Mr
plane. The inset histogram illustrates the distributions
of the u− g color of these quiescent galaxies (red ones)
compared to the general distributions of u − g color of
all galaxies in voids. This indicates again that the qui-
escent galaxies of our sample are indeed red, and their
redness is not due to the effects of the dust. The his-
tograms in the right bottom panel of Figure 1 illustrates
the distributions of their r-band Se´rsic indices (n) (de-
tails of their measurements are explained in Section 3).
The majority (90%) of the quiescent galaxies have high
Se´rsic indices (n & 2).
To study the role of environment on the properties of
the quiescent galaxies, we compare our isolated isolated
quiescent void galaxies to those in over-dense regions.
In particular, we selected two different samples of qui-
escent galaxies from the group and cluster catalog of
Tempel et al. (2014), based on the same urz color-color
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Figure 2. Top Panel : The distribution of the normalized
environmental density at the scale of 1 Mpc/h of isolated
quiescent void galaxies (gray histogram) is compared to the
ones for the quiescent galaxies in groups (blue histogram)
and clusters (red histogram). The vertical lines depict the
median values for each sample. Bottom Panel : Histograms of
the distributions of the Se´rsic indices of the quiescent galaxies
for the samples probing different environments.
criteria. The first sample contains quiescent galaxies in
clusters (high density regions), which have more than
15 spectroscopic members, and the second sample in-
cludes quiescent galaxies in groups (intermediate density
regions), which have between 4 to 8 spectroscopic mem-
bers. All galaxies are brighter than -19 in the r − band
filter and lie in the redshift range of 0.01 < z < 0.05 as
the original void galaxy sample. The final group/cluster
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samples contain 7× more objects in comparison to the
isolated quiescent ones in voids (i.e., 1029 objects for
each sample of the groups and clusters). However,
their galaxy stellar mass distribution is the same. The
normalized environmental density of galaxies for the
smoothing scale of 1 Mpc/h from Tempel et al. (2014)
is shown in the top panel of Figure 2, and the vertical
lines in this plot representing the medians of environ-
mental density for each sample. As expected, cluster
galaxies reside in a significantly different environmen-
tal density than isolated void galaxies. We note that
we only used color-color criteria for selection quiescent
galaxies and we have not applied any additional mor-
phological constrain. However, as can be seen from the
bottom panel of Figure 2, the quiescent samples from
different environments follow a similar Se´rsic index dis-
tribution with consistent median values.
3. METHODOLOGY
For this study, we derive the light and stellar mass
profiles of all galaxies in our samples. The methodol-
ogy for deriving the radial light and mass profiles are
described in details in Mosleh et al. (2017). In brief, we
use u, g, r, i, z images of the galaxies from the SDSS Data
Release 7 (DR7) (Abazajian et al. 2009) with additional
Galactic extinction corrections described in Schlafly &
Finkbeiner (2011). We obtain the best-fit single Se´rsic
model (Se´rsic 1963; Sersic 1968; Graham & Driver 2005)
of each galaxy in different filters, using GALFIT v3 Peng
et al. (2010a) (see also Mosleh et al. 2013, for the fit-
ting procedure). For each object, the r-band image is
used as a reference to derive the geometrical properties,
including their central positions, ellipticities and posi-
tion angles. These properties from the r-band are used
while fitting the single Se´rsic profiles of the galaxies in
the other filters. This ensures that systematics due to
the mismatched centers and orientations are suppressed.
The final light-profiles are then circularized to remove
the effect of the ellipticity (Mosleh et al. 2011, 2012).
The point spread function (PSF)-corrected light pro-
files are then converted to the stellar mass profiles. For
this, the best-fit spectral energy distributions (SED) are
found at each radius. As described in Mosleh et al.
(2017), we divide the light profiles into small bins (0.25
kpc) and use the signal-to-noise of the g − r color for
adaptive binning of the light profiles (in order to increase
the signal-to-noise ratio at larger radii), prior to the SED
fitting. Then, we use iSEDfit code (Moustakas et al.
2013) to find the best SED model at each radial bin.
Following Kauffmann et al. (2003), we use the Bruzual
& Charlot (2003) stellar population models, assuming
the Chabrier (2003) initial mass function (IMF) and al-
lowing a random star-burst on top of the exponential
declining star-formation history. The stellar mass pro-
files are used for deriving the half-mass radii. For this,
the outer parts of the stellar mass-density profiles are
extrapolated using single Se´rsic models. The half-mass
radii are then found by integrating the mass-profiles out
to 100 kpc.
It is important to emphasize that to remove the ef-
fect of mass loss, the stellar mass profiles in this study
are corrected to the total mass (i.e., integrated star-
formation history, including stellar masses, remnants,
and mass which is returned back into the interstellar
medium). We also note that about ∼ 3− 5% of the ob-
jects in the samples are excluded from the analysis, due
to their large uncertainties in their derived light profile
parameters (including objects at the edge of images or
close to very bright objects).
4. RESULTS
As mentioned in the introduction, the stellar mass
profiles of galaxies and the related properties such as
their half-mass radii (or half-light radii) and their cen-
tral mass densities, in addition to the kinematic parame-
ters, are important parameters as they evolve with cos-
mic time and retain information about the history of
their stellar mass assembly (e.g., Naab et al. 2009; van
Dokkum et al. 2010; Oser et al. 2012; Newman et al.
2012; Tacchella et al. 2016; Genel et al. 2017). In this
section, we compare these parameters for the samples of
quiescent galaxies in different environments.
4.1. Mass-Size Relation
We start by comparing the median stellar mass pro-
files of the samples in Figure 3. As the majority of the
quiescent galaxies have stellar masses in the range of
1010 and 1011M, the samples are split into two stellar
mass bins of 10. < log(M∗/M) < 10.5 (left panel) and
10.5 < log(M∗/M) < 11. (right panel). The solid black
lines illustrate the median mass profiles of the isolated
quiescent galaxies in voids, and the red and blue ones
present the median radial stellar masses of the compar-
ison samples in clusters and groups, respectively. The
shaded regions illustrate the 1 − σ scatter around the
median profiles. There is a hint that quiescent galaxies
in the dense environments of groups and clusters have
a slightly higher surface mass density at the outer parts
compared to those in the very low-density environments
of the voids. This is the same for low and high stellar
mass bins.
This can be investigated in detail by comparing the
half-mass sizes of these galaxies at a fixed stellar mass.
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Figure 3. Comparison between median surface stellar mass density of the isolated quiescent galaxies in voids (black lines) to the
ones from their counterparts in the groups (blue lines) and clusters (red lines) split into two stellar mass bins of 1010.−1010.5M
(left panel) and 1010.5 − 1011.M (right panel). The quiescent galaxies in groups and clusters have slightly higher stellar mass
surface densities profiles at their outer regions compared to the isolated galaxies. The shaded regions indicate 1− σ scatter of
the stellar mass profiles.
The histograms in the top panels of Figure 4 depict the
distributions of the half-mass radii of these galaxies in
different environments and in two stellar mass bins (left
and right panels). The gray, blue and red histograms are
the distributions of the half-mass sizes for the quiescent
galaxies in voids, groups, and clusters, respectively. The
dashed-dotted, dashed and dotted vertical lines indicate
the medians. The isolated voids quiescent galaxies in
the high mass bin have a median half-mass size of rm =
2.04±0.260.14 kpc and are about ∼ 25% smaller than the
quiescent galaxies in groups (rm = 2.72±0.230.24 kpc) and
clusters (rm = 2.63±0.230.25 kpc). This is the similar to the
estimates in the lower mass bin: the isolated quiescent
galaxies have ∼ 20% smaller half-mass sizes compared to
the quiescent ones in clusters and groups (voids: rm =
1.42±0.080.11 kpc; groups: rm = 1.54±0.100.13 kpc; clusters:
rm = 1.75±0.120.13 kpc).
The bottom panels of Figure 4, illustrate the half-light
sizes in the i-band, similar to the top panels. Again, the
half-light sizes of the isolated void quiescent galaxies are
slightly (∼ 16%) smaller at fixed masses, compared to
their counterparts in clusters and groups. In the stellar
mass range of 10.5 < log(M∗/M) < 11., the median
half-light sizes for the isolated quiescent galaxies is re =
3.28±0.240.38 kpc, compared to the re = 3.88±0.260.24 kpc for
the quiescent objects in groups and re = 3.80±0.370.34 kpc
for clusters.
In Figure 5, the cumulative distribution functions of
the half-light sizes are shown for each sample in two dif-
ferent stellar mass bins. The circles indicate the median
of sizes for each sample. For the massive bin, the p-
value from the 2D KS test between sizes of the galaxies
in clusters and groups is 0.35, however, this value be-
tween sizes of quiescent galaxies in clusters and voids
is 0.13. This states that we can not reject the null hy-
pothesis that the size distribution of both the void and
cluster galaxies and also the group and cluster galaxies
originates from the same distribution.
Moreover, the stellar mass-size (half-light sizes in the
i-band) relation of the quiescent samples is shown in
Figure 6. The circles represent the mass-size distribu-
tions for individual objects (gray, blue and red symbols
for the isolated void, group and cluster galaxies, respec-
tively) and the pentagons depict the median of sizes in
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Figure 4. Top panels: Histograms showing the distributions
of the half-mass sizes of isolated quiescent galaxies in voids
(gray area) in comparison with quiescent galaxies in groups
(blue lines) and clusters (red lines) in two different stellar
mass bins. The dotted and dashed lines depict the median
of the half-mass sizes for each sample. Bottom panels: The
same as top panels but for the half-light sizes in the i-band.
This shows that at fixed mass, isolated quiescent galaxies
in voids have smaller half-mass/half-light sizes compared to
their counterparts in high galaxy density environments.
each stellar mass bin. The error bars are the 1−σ scatter
around the medians. The solid lines are representing the
best-fit models to the individual data points (following
Equation 4 in Mosleh et al. (2013) and setting charac-
teristic mass to log(M0) = 10.53). From the median
points, the sizes of the quiescent galaxies in the isolated
regions are slightly smaller than their counterparts in
the high-density environments, in particular, for low
mass galaxies. There is a hint that at the stellar masses
above 1011M the isolated quiescent void galaxies have
larger sizes compared to the other comparison samples,
however, the significance of this deviation is below 1-σ.
In addition, as discussed in Mosleh et al. (2013) and
Bernardi et al. (2014), using single Se´rsic models for
galaxies in the nearby Universe can introduce a sys-
tematic error in size measurements of the galaxies, in
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Figure 5. Cumulative distribution functions of the half-
light sizes in i-band, for the three quiescent samples in two
stellar mass bins. The solid circles show the median of each
sample. Again, this indicates the slight differences between
sizes of quiescent galaxies in extreme over-dense and under–
dense environments.
particular for massive ones. As we have shown in the
top panel of Figure 14 (Appendix), using the residual
corrected method (Szomoru et al. 2010), i.e., taking
into account the residuals and deviations from a single
Se´rsic component fits, the mass-size relation of isolated
quiescent in voids have no significant difference at the
highest stellar mass bin, compared to their counterparts
in groups and clusters.
4.2. Central Densities & Velocity Dispersions
In addition to the mass-size relation, we also examined
the observed properties of the central regions of these
galaxies. We measured the stellar mass surface densities
within an aperture of 1 kpc radius (Σ1kpc) as a proxy for
the central stellar mass density of galaxies, as used by
Cheung et al. (2012); Saracco et al. (2012); Fang et al.
(2013); Tacchella et al. (2015); Mosleh et al. (2017). In
Figure 7, the correlation between the total stellar masses
and the central densities (Σ1) are shown. As shown
by the median values (the pentagon symbols), the M∗-
Σ1 relation for the quiescent galaxies is independent of
environment for the stellar mass range of the 109.8 −
1011.2M. We note that the integrated star-formation
history is used for measuring the central stellar masses,
hence explaining any systematic in the zero-point of the
Σ1 compared to other studies.
In Figure 8, the histograms of the central stellar mass
densities are shown for two stellar mass bins, similar to
Figure 4. The dotted and dashed lines depict the medi-
ans of Σ1 in each stellar mass bin. It can be seen from
this figure that there are no differences in the central
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Figure 6. The stellar mass-size relation for the isolated quiescent galaxies in void (gray), group (blue) and cluster (red)
environments. The solid circles show the individual measurements, and the pentagons indicate the medians in each mass bin.
The error bars show the 1− σ scatter of the sizes in each bin. The sizes are measured from the single-Se´rsic best-fit models to
the individual galaxy images in the i-band. The relation is similar for all environment but with slightly smaller sizes for the
isolated quiescent galaxies in the voids for stellar masses of 1010 − 1011M. The solid lines depict their best-fit models to the
data points (see text for more details).
stellar mass densities of the quiescent galaxies in differ-
ent environments for our studied mass range.
This can be further examined by comparing the cen-
tral velocity dispersion of the galaxies (i.e., σ1 within a
circular aperture radius of 1 kpc ) at fixed masses. For
this, we use the observed velocity dispersions (σap) from
the SDSS within 3′′ fiber radius (Rap) and correct them
to the velocity dispersion (σ1) within 1 kpc radius (R1)
via a relation introduced by Cappellari et al. (2006):
(σap/σ1) = (Rap/R1)
−0.066 (3)
The comparison between σ1 of galaxies can evaluate
the differences between the dynamical properties of the
central regions of the quiescent galaxies in different en-
vironments. However, as the central velocity dispersion
is related to the central density, i.e., Σ1 ∝ σ1 (see Fang
et al. 2013), it is expected to see an agreement between
σ1 of different samples.
The top panels of Figure 9 illustrate the histogram
distributions of the galaxies’ σ1 in different environ-
ments. The median values are also illustrated as dashed
or dotted lines. At fixed mass (at least in the range of
1010 − 1011M), the central velocity dispersion of the
galaxies in different environments is similar. However,
from the cumulative distributions of the σ1 (bottom pan-
els of Figure 9), there is a hint that in the clusters and
groups, the quiescent galaxies in the lower stellar mass
bins (left bottom panel), have a wider range of σ1 com-
pared to the isolated quiescent galaxies. The newly ac-
creted low-mass quiescent galaxies to the high-density
regions might be a source for this slightly broader dis-
tribution of σ1, though this needs to be investigated in
future works in more detail.
The relation between the central velocity dispersions
(σ1) with their total stellar masses of the quiescent
galaxies is also consistent among samples of different
environments (see top panel of Figure 10). However,
there seems to be a tendency that in the highest stellar
mass bin, i.e., 1011 − 1011.2M, the isolated void quies-
cent galaxies have on average marginally (∼ 12%) lower
central velocity dispersion (σ1) compared to their coun-
terparts in high-density environments. This is reflected
more prominently in the σ1-Σ1 relation, where the iso-
lated quiescent galaxies have lower σ1 in the highest
central density Σ1 bin. This trend cannot be due to
the Se´rsic component fitting, as the residual corrected
profiles (right panel of Figure 14 in the Appendix) also
present the same behavior. If the central velocity dis-
persion has a correlation with the dark matter halo
(see e.g., Zahid et al. 2016), then the deviation at high
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Figure 7. The relation between the total stellar masses with the central mass densities (Σ1) of quiescent galaxies in different
environments. The gray, blue and red circles represent the quiescent samples of the voids, groups, and clusters and the pentagons
represent the medians at each stellar mass bin. All samples follow a similar M∗-Σ1 relation in the local Universe.
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Figure 8. The distributions of the central stellar mass den-
sities (Σ1) of the quiescent samples in different environments
and at fixed stellar mass. The dotted and dashed lines are
the medians for each sub-sample. At fixed masses, quies-
cent galaxies in the void regions have similar central mass
densities to their counterparts in groups and clusters.
masses could be related to the difference in their dark
matter content. Nevertheless, it should be noted that
the small number statistics makes it hard for a solid
conclusion.
5. DISCUSSION
In this study, we explored the properties of the iso-
lated quiescent galaxies in the void environments. Pre-
vious works have already shown that void galaxies tend
to be bluer and have a statistically higher fraction of the
late-type galaxies compared to the average galaxy envi-
ronments (e.g., Rojas et al. 2004, 2005; Hoyle et al. 2012;
Kreckel et al. 2012; Liu et al. 2015; Beygu et al. 2017).
We have shown that the total fraction of the quiescent
galaxies in the void regions is about ∼ 18% down to a
limiting magnitude of -19 in the r-band, and the fraction
of the isolated quiescent ones is ∼ 14%. This is compat-
ible with the results of Herna´ndez-Toledo et al. (2010),
who found that 14.5% of the isolated galaxies in the lo-
cal Universe are early-types. The quenched void galaxies
have the stellar mass range of ∼ 1010−1011M. We note
that Penny et al. (2015) found that the quenched galax-
ies in both the void and non-void regions usually have
stellar masses of more than 1010M, which could be
a threshold for mass quenching for this volume-limited
sample. Massive galaxies (& 1011.2M) are almost ab-
sent in voids and very isolated environments (see Figure
1 and also Marcum et al. 2004; Varela et al. 2004; Tava-
soli et al. 2015). The lower probability of (major) merger
events compared to the high-density environments can
be an explanation for the lack of very massive objects
in voids. The curved mass-size relation for the quies-
cent galaxies above M∗ ∼ 2 − 3 × 1011 and the lack of
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Figure 9. Top panels: Histograms showing the distribu-
tions of the central (1 kpc) velocity dispersion (σ1) of the
quiescent galaxies in voids (gray shaded region) in compar-
ison with quiescent galaxies in groups (blue histogram) and
clusters (red histogram) at two different stellar mass bins.
The dotted and dashed lines depict the median of (σ1) for
each sample. Bottom panels: Cumulative distribution func-
tions of the σ1, for the three quiescent samples at two dif-
ferent stellar mass bins. The solid circles show the median
of each sample. This indicates that at least for the stellar
mass range of 10 . log(M∗/M) . 11., there is not any sig-
nificant difference between the central velocity dispersions of
the quiescent galaxies in different environments.
these massive galaxies in void regions can be a clue for
the relative absences of the major mergers events (e.g.,
Bernardi et al. 2011).
Tavasoli et al. (2015) divided void regions into sparse
and populous voids (i.e., voids with low and high number
densities/or density contrasts). We examine the distri-
bution of the isolated void quiescent galaxies and did
not find any significant trend between the stellar mass
and the density contrast of these galaxies.
As the environmental effects on quenching and struc-
tural transformation are alleviated in void regions, the
formation of the quiescent galaxies and their average
morphological properties in these environments is in-
triguing, especially, once comparing them to their coun-
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Figure 10. Top panel : The relation between the central
velocity dispersion (σ1) and the total stellar mass of the qui-
escent samples. Bottom Panel : The correlation between the
central mass and the central velocity dispersion (σ1-Σ1) of
the quiescent samples. Quiescent galaxies within the stel-
lar mass range of log(M∗/M) ∼ 10 − 11 have similar σ1-
M∗ and σ1-Σ1 relations, independent of environment. How-
ever, there is a hint that isolated quiescent galaxies with
log(M∗/M) & 11, have slightly lower central velocity dis-
persion (σ1) compared to their counterparts in groups and
clusters.
terparts at high-density regions (e.g., de Carvalho &
Djorgovski 1992; Stocke et al. 2004; Collobert et al.
2006).
5.1. Stellar Mass Assembly History
In order to better understand how the isolated qui-
escent galaxies have assembled their stellar masses, we
studied their structural properties and compared them
with counterpart samples from the high-density environ-
ments.
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The results of Section 4 illustrate that the quiescent
galaxies within the stellar mass range of 109.8−1011.2M
in all environments have similar properties in their cen-
tral regions. Their central stellar mass densities (Σ1)
and their central velocity dispersions (σ1) occupy a sim-
ilar distribution. The isolated quiescent galaxies follow
a similar M∗-Σ1 relation with respect to the same cor-
relation for the quiescent in the groups and clusters.
A similar study by Hau & Forbes (2006) (but for iso-
lated “elliptical” galaxies) has also shown similar kine-
matic properties between these galaxies in the isolated
and dense environments. Hence, any mechanism in the
formation of the central regions of these galaxies should
be the same for all environments. We should emphasize
again, that this trend is true only for the intermedi-
ate stellar mass ranges. There is an indication (from
the central velocity dispersion) that above this stellar
mass range (& 1011.2M), galaxies in the groups and
clusters might have slightly higher central velocity dis-
persions compared to the voids (∼ 12%), though this
needs a larger sample for a firm conclusion. In spite of
that, the role of environment is not notable in shaping
the central regions of these galaxies. There is also a
hint that less massive quiescent galaxies in the groups
and clusters have slightly a broader range of the central
velocity dispersion (σ1), and this could be due to a dif-
ferent accretion history of galaxies into these over-dense
environments.
Comparing the stellar mass profiles of these galaxies
in their outer parts illustrates that isolated quiescent
galaxies with stellar masses of 1010 − 1011M in voids
are about ∼ 10− 25% smaller than the quiescent galax-
ies in high-density environments. The mass-size relation
of galaxies in different environments is studied by many
groups at low and high redshifts. In the local Universe
(low-z), Reda et al. (2004); Maltby et al. (2010); Nair
et al. (2010); Cappellari (2013); Huertas-Company et al.
(2013b); Ferna´ndez Lorenzo et al. (2013); Shankar et al.
(2014); Zhao et al. (2015); Lacerna et al. (2016) did not
find any environmental dependence on the size of early-
type or elliptical galaxies at a given mass. Yoon et al.
(2017) report that the early-type galaxies with stellar
masses > 1011.2M in the high-density environment are
20-40 % larger than the under-dense regions and a negli-
gible dependence in the range of 10.7 < log(M∗/M) <
11.2. In a similar stellar mass range to this work, Ce-
bria´n & Trujillo (2014) found the opposite, i.e., galaxies
in the field are slightly larger than those in the high-
density environments. Poggianti et al. (2013) also came
to a similar conclusion and ascribed this to the age of
the galaxies: older galaxies are smaller and there are
overall more old galaxies in high-density regions.
At intermediate and high redshifts, the discrepancy
among authors is even worse as Cooper et al. (2012); Pa-
povich et al. (2012); Raichoor et al. (2012); Zirm et al.
(2012); Bassett et al. (2013); Lani et al. (2013); Straz-
zullo et al. (2013); Delaye et al. (2014); Kuchner et al.
(2017) found an environmental dependency, while some
groups not (Rettura et al. 2010; Huertas-Company et
al. 2013a; Newman et al. 2014; Allen et al. 2015; Kelkar
et al. 2015; Allen et al. 2016; Morishita et al. 2017;
Saracco et al. 2017).
One reason for the discrepancies is the different galaxy
selection methods and hence mixture of galaxies with
different stellar population properties (Saracco et al.
2017). In the local Universe, Cebria´n & Trujillo (2014)
selected galaxies based on the Se´rsic indices, however,
Yoon et al. (2017) used samples based on both mor-
phology and color selections. Maltby et al. (2010) and
Nair et al. (2010) used morphologically selected galax-
ies based on visual inspections. At fixed morphology,
Park et al. (2007) showed that the sizes of galaxies are
independent of environment in the local Universe. If
different selection methods select a different mix of old
and young galaxies, and if older galaxies are smaller as
found by Poggianti et al. (2013), then one should ex-
pect inconsistency on the environmental effects on the
size-mass relation among studies.
In this work, the selection is based only on color and
hence the stellar populations of galaxies. We need to
investigate whether or not the differences in sizes of low
and high-density regions could be due to a mixture of
different galaxies in different environment. If older qui-
escent galaxies could have progenitors with smaller sizes
(e.g., Carollo et al. 2013), then this might contribute to
the observed size differences (see also Zahid & Geller
2017). For this purpose, we compared spectral indices
of these galaxies observed by SDSS 3 fibers from MPA-
JHU SDSS catalog (Brinchmann et al. 2004). As can
be seen in Figure 11, the Dn(4000) break as an age in-
dicator of the stellar populations of the galaxies seems
to have similar distributions in all environments, but
with slightly smaller median value (1.78) for the lowest
mass bin of the isolated void galaxies compared to the
ones in the clusters (1.84). These galaxies also follow
a similar Σ1- Dn(4000) relation (Figure 12), again with
a slight hint that the isolated low mass galaxies have
marginally younger stellar populations compared to the
cluster members.
In addition, [MgFe]′ index is a metallicity indicator
(Thomas et al. 2003) for diagnosing the formation his-
tory of galaxies (Gallazzi et al. 2005). Comparing the
[MgFe]′ of the quiescent samples (Figure 13) illustrates
no significant differences between these populations for
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the massive bin. However, in the low mass bin, iso-
lated quiescent galaxies show lower median metallicity
compared to those in the clusters (This needs more in-
vestigations using detail analysis of the spectra of these
galaxies and is planned for the future works.). Denicolo´
et al. (2005b) also find similar velocity dispersion-index
correlations for the early-type galaxies in different envi-
ronments. We note that, due to the 3” sizes of the SDSS
fibers, these measurements are mostly representative of
the central regions. Nevertheless, the general similari-
ties in the distributions of these parameters of the sam-
ples in different environments should express that the
differences in the sizes (outer parts of the stellar mass
profiles) of quiescent galaxies is not originated mainly
due to a different mixture of galaxies in over-dense and
under-dense regions (see also Alpaslan et al. 2015).
Another source of the disagreement among studies
might be a different method for measuring sizes of galax-
ies, e.g., single Se´rsic method as used by Maltby et al.
(2010) versus curve of growth as used by Yoon et al.
(2017). In this work, we used a Se´rsic model (and also
residual corrected method as described in the appendix)
and took into account the effect of M/L ratio gradi-
ent to estimate the stellar mass profiles. As noted in
Sec. 1, the mass profiles are more robust than light pro-
files, hence removing any environmental dependence on
the color-gradient of the samples which can affect the
sizes. The stellar mass profiles of the galaxies, in partic-
ular, the central stellar mass densities (Σ1; besides the
Se´rsic indices) showed that the differences of the quies-
cent galaxies in low and high-density regions can only
be seen in the outer parts of these systems for the stellar
mass range of log(M∗/M) ∼ 10− 11.
As discussed in the introduction, characterizing envi-
ronments, and in particular, the definition of low-density
regions, also varies among different works, from using
halo masses (e.g., Huertas-Company et al. 2013b) to the
fixed aperture methods (e.g., Cebria´n & Trujillo 2014).
We have used a sample of “isolated” quiescent galaxies
in the voids, i.e., extremely low-density regions, com-
pared to field galaxies in previous works. This magnifies
possible environmental effects.
The possible scenarios for having slightly larger sizes
of the quiescent galaxies in the dense environments,
could be related to the recently quenched large galax-
ies (Kuchner et al. 2017; Morishita et al. 2017) or the
mechanisms that are more frequent in the dense envi-
ronments, such as minor mergers, galaxy harassment or
tidal striping (Yoon et al. 2017). The similarity between
age and color of the galaxies in different environments
(at least for the highest mass bin of 1010.5 − 1011M)
can reflect the marginal contributions of the biases in-
troduced by recently accretion of large galaxies, at least
for the massive ones.
It has been shown from the observational analysis
that the building up of the massive galaxies can be
accelerated in the high-density environments (Malavasi
et al. 2017; Mortlock et al. 2015) and the mechanisms
such as minor mergers are more associated with the size
growth of galaxies in these environments (Cooper et al.
2012; Lotz et al. 2013). Hence, this effect should be
better traced at high redshifts (Cooper et al. 2012; Lani
et al. 2013; Delaye et al. 2014). If environmental effects
of the mass-size relation are negligible in the local Uni-
verse, then one scenario could be the acceleration of the
growth of the cluster galaxies at high redshifts and slow-
ing down at later times, while the growth of the field
galaxies accelerated at recent epochs. Consequently,
this can make galaxies’ mass profiles similar in field and
cluster environments in the local Universe. According
to this scenario, if the evolution of galaxies in void re-
gions would be slower than in other regions, then the
observed size differences compared to the high-density
regions can be due to the environmental effects, and
mechanisms such as minor mergers or harassment are
possibly involved. Therefore, our analysis shows that
the environments can affect the outer regions of the qui-
escent galaxies as predicted by the semi-analytic models
(Shankar et al. 2014). As the central velocity dispersion
of different samples is similar, any environment pro-
cess should mostly affect the outer regions. In a recent
study by Spindler & Wake (2017), the differences in the
sizes of central and satellites at fixed central velocity
dispersion are also shown and this is suggested to be
related to the processes such as minor mergers. The
use of extremely low and high-density environments in
our study magnifies any deviations and hence the maxi-
mum differences (10−25%) can be assumed as an upper
limit of size differences for the intermediate stellar mass
range galaxies. Studying the stellar mass profiles of a
large sample of galaxies in different environments, at
intermediate and high redshifts, will be the next step to
examine this scenario.
5.2. Quenching Mechanism
The physical processes involved in quenching galaxies
are of a matter of debate and consequently, in the iso-
lated regions, it is crucial to understand the mechanisms
for transition of galaxies into quenched ones.
The similarities among many properties of the
quenched samples with stellar masses of log(M∗/M) ∼
10 − 11 is suggestive that the role of environment
is marginal compared to the cessation of their star-
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Figure 11. The comparison between the age indicator of the
samples, i.e., Dn(4000) index at different stellar mass bins
(left and right panels). The median of each sample is shown
with its corresponding vertical line. At fixed stellar masses,
quiescent galaxies at different environments have similar stel-
lar population ages, but with a small difference for low mass
galaxies in the voids.
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Figure 12. The correlation between the stellar mass cen-
tral density Σ1 and Dn(4000) index of different samples, i.e.,
galaxies with higher central mass densities (Σ1) have older
stellar populations. Quiescent galaxies in all environments
follow a similar Σ1-Dn(4000) relation, with a hint that the
low mass isolated galaxies have marginally younger average
age stellar population at fixed mass.
formation activity via physical processes related to their
mass. Quiescent galaxies in all environments follow a
similar M∗-Σ1 and M∗ − σ1 relations. It can also be
seen from Figure 12 that in all environments, galaxies
with higher central density have older stellar popula-
tions (see also Tacchella et al. 2017). These similarities
between the central properties of these galaxies and the
total stellar masses have been debated as the quenching
mechanism might be related to the central regions of
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Figure 13. The distributions of the stellar metallicity in-
dicator [MgFe]′ of the quiescent galaxies in different envi-
ronments split into two stellar mass bins (right and left pan-
els). The dashed and dotted lines are the medians. In the
high mass bin, galaxies do not show any significant difference
in their metallicity, thought in the low mass bin, quiescent
galaxies in the clusters (right panel) show slightly higher stel-
lar metallicity.
these galaxies. However, as discussed in Lilly & Car-
ollo (2016), the correlation does not prove that there is
a casual link between quenching and the surface mass
density.
Studying different physical processes of quenching in-
dependent of environment is beyond the scope of this
paper. In the future, we will investigate the gas frac-
tion of these galaxies and the fraction of active galactic
nuclei (AGNs) in the quiescent galaxies in different en-
vironments.
6. SUMMARY
In this study, we investigate the properties of the iso-
lated quiescent galaxies in the extremely low density en-
vironments, i.e., void regions, and compared them to
their counterparts in groups and clusters. We found
that:
• The quiescent galaxies in voids have intermediate
stellar masses between ∼ 1010 − 1011M without
any massive objects beyond & 1011.2M.
• These galaxies only populate ∼ 18% of the whole
void galaxies and ∼ 85% of them are isolated.
• The stellar mass central density (Σ1) and the cen-
tral velocity dispersion of the quiescent galaxies
are similar at fixed masses in different environ-
ments.
• Isolated quiescent galaxies in the void regions are
slightly (25% at most) smaller than their counter-
parts at the high-density environments.
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• The structures of the isolated quiescent galaxies
differs very little with the cluster ones, hence sug-
gesting a minor role of the environment in shaping
the scaling relations (at least for stellar mass range
of ∼ 1010 − 1011M).
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APPENDIX
A. RESIDUAL CORRECTED PROFILES
As pointed by (Mosleh et al. 2013; Bernardi et al. 2014), the light profiles of the nearby galaxies are better fitted
with two-component Se´rsic models and using single-component Se´rsic profiles can introduce systematics in measuring
their mass profiles. In order to address that the results of this paper do not depend on using single Se´rsic models,
we derived the stellar mass profiles of galaxies using PSF residual-corrected method Szomoru et al. (2010) and there-
fore, overcoming any deviation from pure Se´rsic models. (see also appendix of Mosleh et al. 2017). In Figure 14,
we compared the mass-size relation and the central stellar mass density of galaxies with the total stellar masses of
quiescent galaxies in three different environments the same as of Figure 6 & 7. It can be seen that the deviation of
single component models does not alter the results of this paper.
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